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INTRODUCTION 
Using eddy-currents to detect flaws buried deeply in a conducting material has always 
been a difficult problem. This is due in part to the fact that deep penetration requires low 
frequencies so that the skin depth is large enough for the eddy-currents to penetrate into the 
material the depth of the flaw. Also, low frequency eddy-current methods are beset with 
difficulties in probe design. In order to achieve the large inductance needed to operate at 
frequencies below 1 kHz, a large number of turns is needed, adding to the resistance of the 
coil and reducing the energy available to couple into the test piece. One solution is to use 
pulsed eddy-current methods, which operate efficiently and effectively with low inductance 
coils. 
However, another limitation comes into play at low frequencies: coils respond to the 
time derivative of flux, d~/dt, so that as the frequency is lowered their sensitivity is 
reduced. Pulsed eddy-current methods using pick up coils suffer from this limitation. 
Magnetic field sensors, on the other hand, respond to the total flux rather than its 
derivative, so they can be operated at very low frequencies without degrading performance. 
We explore the relative trade-off between using a coil or a magnetic field sensor in a 
pulsed eddy-current instrument. The magnetic field sensor used is one based on a giant 
magneto-resistive (GMR) sensing element. Relative abilities of the two systems to 
penetrate deeply into multiple layers of metal are measured and compared. 
PECSYSTEM 
The pulsed eddy-current (PEC) system we used has been developed at the Center for 
NDE at Iowa State University as previously reported [1, 2]. The system is based on a 
portable personal computer with a custom made PEC card that contains the probe drive and 
signal amplifier electronics, an analog-to-digital converter expansion card, and a motor 
controller expansion board. The latter card is interfaced to a scanner equipped with stepper 
motors and is controlled by custom made software. The block diagram for this system is 
shown in Fig. 1. 
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Figure 1. Block diagram for the pulsed eddy-current system. 
The PEC system works as follows. The probe is driven with a rectangular voltage 
waveform operating with an on time of 10 ms and an off time of 40 ms. The response from 
the sensor on the rising edge of the drive voltage is recorded by the ADC at a location with 
no flaws as a null signal. The signal of interest is the change in the response of the sensor. 
As the probe is scanned, the signal recorded at each location is digitally subtracted from the 
null signal and displayed via the PC software. The amplitude of this difference signal 
contains information about the amount of metal loss and the time response contains 
information about the location (depth) of the corrosion. 
The inherent advantage of the pulsed eddy-current system compared to a fixed-
frequency or swept-frequency measurement stems from the fact that the measurement is a 
broad band measurement. One pulse contains information from a range of frequencies so 
the equivalent information of a swept-frequency measurement can be acquired on the order 
of milliseconds instead of minutes. 
The GMR Sensor 
The magnetic sensor used is a sensor based on the giant magnetoresistive effect and is 
shown schematically in Fig. 2. The sensor is made up of four GMR elements arranged in a 
resistance bridge configuration. Two of the elements are located between a pair of flux 
concentrators and their resistance changes in accordance with the applied magnetic field. 
These two elements are located on the opposing sides of the bridge. The other two 
elements are shielded from the magnetic field and are used to balance the bridge. This 
sensor has a directional sensitivity along the longitudinal axis of the 8-pin SOIC package 
and very little sensitivity to orthogonal fields. The bridge sensor is biased with a current 
source and the differential output of the bridge is amplified. The response of the sensor 
and electronics to an applied magnetic field is shown in Fig. 3. 
292 
Probe Design 
Ax is 01 
Sensitivity 
Flux Concentrators 
GMR Sensors 
Figure 2. Schematic of the GMR sensor. 
A significant advantage of the pulsed eddy-current system for deep penetration when 
compared to the traditional fixed-frequency instrument is that the probes are easier to build 
and design. For a continuous wave system operating at 100 Hz (which would be required 
to reach depths of 6 to 12 mm), an impedance of approximately 50 ohms would be required 
to operate with traditional eddy-current instruments. This would translate to an inductance 
of 80 mH if the inductor were lossless. However, in a practical design the resistance of the 
wire would dominate the impedance of the coil. For a coil of similar dimensions to the one 
used with the pulsed eddy-current system with a total impedance of 50 ohms, 1750 turns 
would be required. The inductance would be 30 mH and the DC resistance of the wire 
would be 34 ohms out of the total of 50 ohms. This makes it difficult to fabricate a coil to 
operate at these depths with traditional eddy-current instruments. Pulsed eddy-current 
systems do not have this impedance limitation. The probe used for the pulsed eddy-current 
system is shown in Fig. 4. 
THEORY 
When comparing the fall off of the signal with depth for a pulsed eddy-current system, 
it is not obvious how the signal will decrease. Because of this, simulations were 
performed for the magnetic sensor and the coil sensor configurations to determine the fall 
off of the two sensors. The simulation for the coil sensor is based on the Cheng, Dodd, and 
Deeds formulation [3] applied to the transient pulsed eddy-current system by Rose, Uzal, 
and Moulder [4]. The magnetic sensor simulation is based on the formulation by Bowler 
293 
14.0 
12.0 
> 10.0 l'!-
~ 8.0 a. 
E 
« 
E 
6 .0 
,g 
4 .0 
"5 
c. 
"5 2 .0 0 
0.0 
-8 
-2.0 
t 
00 -6000 
(A ) 
1 
-4000 -2000 0 2000 4000 6000 8000 
Applied Magnetic Field. Aim 
(B) 
Figure 3: (A) The circuitry used to drive the bridge sensor and sense the output signal. 
(B) The output response of the sensor due to magnetic stimulus. 
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Figure 4. Pulsed eddy-current probe design. 
and Harrison [5] and Johnson [6]. The software for the magnetic sensor simulation was 
written by Bowler. The simulation results are for a panel of 2024 Al with 10% metal loss. 
To allow for comparison between the magnetic signals and the current signal from the coil 
sensor, the signals are normalized to.MiIH and LlJII. 
The normalized peaks of these signals versus thickness of the sample, hence depth of 
penetration, are plotted in Fig. 5. Looking at Fig. 5 (B) it can be seen that the signal from 
the magnetic sensor is three times as strong as the coil sensor for a 4 rum thick sample and 
increases to ten times the strength for a 15 mm thick sample. 
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Figure 5. Theoretical predictions of the coil sensor and GMR sensor for detecting 10% 
corrosion on the bottom of a 2024 Al panel. (A) The peak of the normalized signal vs. 
thickness of sample. (B) Comparison of the signal strength between the two sensors. 
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EXPERIMENTAL RESULTS 
The probe was tested using it in both the absolute coil sensor mode, where the same 
coil is used as both drive and receive coil, and also in the magnetic sensor mode, where the 
eddy-currents are induced by the coil and the change in the magnetic field incident on the 
GMR sensor is the received signal. These two configurations were used to detect 
simulated corrosion (flat bottom holes) on the bottom of 6.3 mm thick and 12.7 mm thick 
2024 Al panels. 
For the 6.3 mm thick panel, both probes could detect the entire range of simulated 
corrosion present in the sample, ranging from 5% to 50% of the total thickness. The 
signals are shown in Fig. 6. The normalized signal from the magnetic probe for 10% 
corrosion is 3.55xlO-3 for the magnetic sensor and 1.23xlO-3 for the coil sensor. Thus, the 
signal strength for the magnetic sensor is 2.9 times the strength of the coil sensor. This is 
in reasonable agreement with the predicted ratio of 4.1 in Fig. 5 (B). 
Using the GMR sensor mode, the probe was fixed in the scanning fixture and the 
sample was scanned. The result is shown in Fig. 7, illustrating the ability of the magnetic 
sensor-based system to image areas of corrosion using the same software developed for the 
coil-based system. 
Measurements were also taken on a sample of 2024 Al 12.7 mm thick with simulated 
corrosion ranging from 2.5% to 25% on the bottom of the panel. As shown in Fig. 8, both 
sensors were able to detect the 25%, 15%, and 10% corrosion. However, the GMR sensor 
was more sensitive and was able to detect levels of corrosion down to 2.5% as well. 
As expected, the signal from the GMR sensor was stronger than the coil sensor. For 
10% corrosion, the normalized peak signal level from the GMR sensor was 1.9xlO-3 while 
the normalized peak signal level from the coil sensor was 0.257xlO-3. Thus the signal from 
the GMR sensor is 7.4 times the strength of the coil sensor. This is in good agreement with 
the predicted ratio of 8.4 in Fig. 5 (B). 
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Figure 6. Signals for simulated corrosion on the bottom of a 6.3 mm panel of 2024 Al for 
the GMR sensor (A) and the coil sensor (B). 
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Figure 7. Scanned images using the GMR probe to detect simulated corrosion on the 
bottom a 6.3 mm thick panel of 2024 AI. 
DISCUSSION AND SUMMARY 
The ability of a giant magnetoresistive sensor to detect corrosion through thick plates 
of aluminum was investigated. First, it was determined by theoretical calculations that the 
signal from the GMR sensor is stronger than the coil sensor at deep penetration levels. 
Since this is true in the continuous wave approach and pulsed eddy-currents are a 
measurement containing a range of frequencies, the same general trend was expected when 
the sensor was used in a pulsed eddy current instrument. 
Given the stronger signal, it was expected that the GMR sensor would be significantly 
better at detecting deeply buried corrosion. This was verified experimentally by looking at 
corrosion on the bottom of 6.3 mm thick and 12.7 mm thick 2024 Al plates. For the case 
of corrosion on the bottom of the half-inch thick plates, the GMR sensor performed 
markedly better. Its signal was approximately 8 times the strength of the coil sensor and it 
was able to detect corrosion down to 2.5%. The coil sensor was only able to detect 
simulated corrosion down to 10% metal loss. 
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Figure 8. Signals for simulated corrosion on the bottom of a 12.7 mm panel of 2024 Al 
for the GMR sensor (A) and the coil sensor (B). 
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These results demonstrate that for deep penetration using pulsed eddy currents, the 
magnetic sensor is preferred over a coil sensor. It is clear that the giant magnetoresistive 
sensor performed well as a magnetic sensor for pulsed eddy current detection of corrosion, 
owing to its sensitivity, ease of use, and compactness. 
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